Mechanisms of response to ozone exposure: the role of mast cells in mice.
Acute and subacute exposure to ozone (O3) induces lung inflammation and hyperpermeability and causes epithelial injury of both upper (nasal) and lower airways. Mast cells are important regulatory cells in mice for each of these effects. Subacute and chronic O3 exposures cause epithelial injury and inflammation in terminal bronchioles and proximal alveoli. Little is known, however, about the mechanisms of injury. Because inflammatory processes may be linked to the pathogenesis of many airway diseases, it is critical to understand the underlying mechanisms that initiate and propagate these processes. We tested the hypothesis that mast cells mediate airway injury induced by chronic O3 exposure by comparing regional airway inflammation and epithelial injury as well as ventilatory responses in genetically mast cell-deficient mice (WBB6F1-KitW/KitW-v [KitW/KitW-v]) with those in (1) normal, mast cell-sufficient, congenic littermates (WBB6F1(-)+/+ [+/+]) and those in (2) KitW/KitW-v mice that were repleted with mast cells by bone marrow transplantation (BMT) from +/+ donors (KitW/KitW-v-BMT). Thus, three (different) groups of mice were used. The following experimental protocol was utilized to test this hypothesis. Animals from each treatment group (n = 4-6/group) were exposed to 0.26 parts per million (ppm) O3 8 hours/day and 5 days/week for durations of 1, 3, 14, 30, and 90 days. Between 8-hour exposures, mice were exposed continuously to 0.06 ppm O3. Age-matched mice were simultaneously exposed to filtered air (0.0 ppm O3) to serve as O3 controls. To evaluate reversibility of exposure-induced lesions, a set of mice from each genotypic group was exposed to air or O3 for 90 days and then placed in HEPA-filtered air for 35 days. After each period of exposure and after 35-day recovery, the nasal cavity and lungs of O3- and air-exposed mice from each group were evaluated for regional inflammation and permeability, epithelial proliferation, and ventilation pattern. Estimates of airway inflammation and hyperpermeability were obtained by analysis of cell differentials and total protein concentrations, respectively, in fluids obtained through use of bronchoalveolar lavage (BAL). Ozone exposure caused significantly greater increases in lung macrophages, epithelial cells, and polymorphonuclear leukocytes (PMNs) in mast cell-sufficient +/+ and KitW/KitW-v-BMT mice than in mast cell-deficient KitW/KitW-v mice. Comparable ozone exposure also elicited increases in lung lymphocytes and in total protein, but there were no significant differences in these two genotypic groups. Cell and total-protein responses in BAL fluid returned to control levels (that is, air exposure only) in all three groups of mice after a 35-day recovery period. The effects of O3 exposure on cell proliferation in the nose and lung were evaluated in the genotypic groups by counting the number of cells that incorporated bromodeoxyuridine (BrdU, a thymidine analog) into DNA. In the centriacinar region of the lung, DNA synthesis was increased significantly in O3-exposed +/+ and KitW/KitW-v-BMT mice, but not in KitW/KitW-v mice, compared with DNA synthesis in air controls. Epithelial proliferation remained significantly elevated or even increased in +/+ and KitW/KitW-v-BMT mice after O3 exposure. Nasal responses to O3 were also evaluated in these three genotypic groups of mice, and there were slight, although statistically significant, O3-exposure effects on the transitional epithelium. However, there were no differences among the groups up to an exposure of 90 days in duration. After a 35-day recovery period, epithelial cell proliferation in +/+ and KitW/KitW-v-BMT mice was greater than that in KitW/KitW-v mice. There were no significant exposure, genotype, or duration effects on baseline ventilation or responses to hypercapnic hypoxia in the three groups of mice exposed to air or O3. (ABSTRACT TRUNCATED)